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SOLID STATE LIGHTING, DRIVE CIRCUIT
AND METHOD OF DRIVING SAME

BACKGROUND

1. Technical Field

This disclosure generally relates to solid state lighting, for
example lighting that employs solid state light sources such a
light emitting diodes (LEDs), and in particular drive circuits
which supply electrical power to solid state lighting.

2. Description of the Related Art

Solid state lighting has many advantages over traditional
lighting, such as incandescent and fluorescent bulbs. Solid
state lighting devices exhibit lower energy consumption,
longer lifetime, and improved robustness over traditional
lighting.

In many solid state lighting applications, a plurality of light
emitting diodes (LEDs) are electrically coupled in series con-
figuration, with the same current flowing through all LEDs in
the series, thereby insuring that all the LEDs in the “string”
have a similar level of brightness or output.

LEDs have a forward voltage, below which little light is
emitted. For example, a CREE XP-G type LED has a forward
voltage (V1) of approximately 3.15V. The forward voltage V{
varies considerably between individual LEDs, for example
from 2.9V to 3.5V. A series coupled “string” of LEDs there-
fore has a string forward voltage that is equal to the sum of the
forward voltages V{1 of the individual LEDs in the string. For
example, a string of 16 LEDs might have a forward voltage Vf
of 51 Volts. While the forward voltage Vf varies somewhat
depending upon the amount of current through the LEDs, this
variation is typically small.

Solid state luminaires using LED light sources typically
use power converters to convert the mains line voltage into a
constant current source to power the LEDs. Switch mode type
power converters are typically used to achieve high conver-
sion efficiency.

It is often desirable to design power converters that have an
output voltage of 60 volts DC or less in order to comply with
the safety low voltage upper limit imposed by safety compli-
ance regulations. Due to component tolerances and open cir-
cuit voltage limiting circuitry, it is common to use an LED
string with an approximately 50V forward voltage. Com-
monly available high flux LEDs can dissipate 3 Watts of
power, so a 16 LED string typically consumes approximately
48 Watts of power.

There are two options if a higher power lamp or luminaire
is desired. A first option is adding a second LED string and
second power converter to a lamp or luminaire having a first
LED string and respective first power converter. In this
option, each LED string is powered via its own respective
power converter. A second option is to electrically couple a
second string of LEDs in parallel with a first string of LEDs,
both strings of LEDs powered via the same power converter.
The second option eliminates one power converter so is less
costly than the first option.

A drawback of the second option employing parallel
strings of LEDs is a “current hogging” effect that results when
one LED string has a lower forward voltage V{than the other
parallel string. Unless the LED strings are selected such the
respective forward voltages are almost perfectly matched, the
current through one LED string will be significantly higher
than the current through the other LED string, leading to LED
lifetime reduction or even immediate failure. In addition, the
LED strings will emit different luminous flux, which may be
asthetically objectionable depending upon the design of the
luminaire.
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Even with careful matching of the string forward voltages
of'the LED strings, the LED strings must be mounted in such
away as to be isothermal. LED forward voltage V{'is known
to vary widely with temperature, so if the LED strings are
mounted on different areas of a heat sink, or for some reason
have differential cooling, the current in the LED strings will
become unbalanced with respect to one another.

Traditional approaches for equalizing current in parallel
strings of LEDs have been to use “ballast” resistors, separate
linear current regulators for each LED string, and/or careful
matching of string forward voltages for the LED strings.

“Ballast” resistors give some electrical isolation between
the LED strings but are pure dissipaters, considerably reduc-
ing energy efficiency. The addition of linear current regula-
tors, as opposed to switch mode regulators, is somewhat
superior to the use of ballast resistors, but still lowers energy
efficiency of the luminaire. Forward voltage matching of the
LED strings is costly, and often results in high rejection rates
of'parts. Forward voltage matching also requires that the LED
strings be measured at very precisely controlled tempera-
tures, which requires elaborate equipment.

Additionally, it is noted that LEDs may fail in the field
because of incorrect soldering, electrostatic discharge or
other reasons. In the overwhelming majority of cases the LED
fails as a shorted diode. Such reduces the string forward
voltage by one LED Vf (e.g., approximately 3 volts for white
LEDs). Thus, even if string forward voltages are careful
matched during manufacture, in use the string forward volt-
age may change, leading to the aforementioned problems.

An electrically efficient, easy and inexpensive to manufac-
ture, and/or uncomplicated approach to addressing the afore-
mentioned problems is desirable to make solid state lighting
more affordable, robust, and/or aesthetically pleasing.

BRIEF SUMMARY

The approaches described herein employ a power con-
verter output stage that provides acceptable current matching
between sets or strings of solid state light sources (e.g., LEDs)
with different forward voltages, and protects the sets or
strings from excessive over-current in the case of a light
source failing as a short. The sets or strings are electrically
coupled across respective inductors of a secondary of a trans-
former, the sets or strings not electrically in parallel with one
another. The secondary of the transformer essentially self
balances. The embodiments described employ an LL.C reso-
nant converter topology, but could be implemented as part of
aFlyback, Forward Convertor or other switch mode topology.

A system for solid state lighting may be summarized as
including a transformer having a primary side and a second-
ary side, the primary side including at least a first primary
inductor, the secondary side including at least a pair of sec-
ondary inductors, each of the secondary inductors having a
respective node that provides current to a respective one of a
pair of strings of solid state light sources and not the other one
of the pair of strings of solid state light sources, and the
secondary side having a center tap between the pair of sec-
ondary inductors that provides a common ground to each of
the pair of strings of solid state light sources; and a drive
circuit electrically coupled to drive the primary side of the
transformer.

The drive circuit may be a resonator drive that includes a
resonator inductor and a resonator capacitor, the resonator
inductor and the resonator capacitor electrically coupled in
series with one another and with the first primary inductor of
the transformer to form an LLC resonator. The drive circuit
may further include a first switch and a second switch, the first
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switch and the second switch operable to selectively provide
respective first and second current paths between a DC volt-
age source and the LLC resonator. The first switch and the
second switch may be each respective ones of at least two
metal oxide semiconductor field effect transistors. The drive
circuit may further include a first pulse type voltage source
electrically coupled to drive the first switch and a second
pulse type voltage source electrically coupled to drive the
second switch. The first and the second pulse type voltage
sources may drive the first and the second switches, respec-
tively, such that both of the first and the second switches are
not ON at a same time. The first and the second pulse type
voltage sources may drive the first and the second switches,
respectively, such that there is a defined gap between succes-
sive turning ON and turning OFF of the first and the second
switches. The gap may be approximately 1.6 microseconds in
duration. The first pulse type voltage source may produce a
first square wave output with pulses at approximately every
0.8 microseconds and the second pulse type voltage source
may produce a first square wave output with pulses at
approximately every 11.33 microseconds. The circuit may
further include a first rectifier diode electrically coupled
between a first one of the nodes and a first one of the strings
of'solid state light sources; and a second rectifier diode elec-
trically coupled between a second one of the nodes and a
second one of the strings of solid state light sources. The
circuit may further include the first string solid state light
sources, the first string of solid state light sources consisting
of a first plurality light emitting diodes electrically coupled in
series; and the second string of solid state light sources, the
second string of solid state light sources consisting of a sec-
ond plurality light emitting diodes electrically coupled in
series.

A solid state lighting luminaire may be summarized as
including a first set of solid state light sources electrically
coupled in series with one another; a second set of solid state
light sources electrically coupled in series with one another; a
transformer having a primary side and a secondary side, the
primary side including at least a primary inductor, the sec-
ondary side including at least a first secondary inductor and a
second secondary inductor, the first set of solid state light
sources electrically coupled across the first secondary induc-
tor of the transformer and not across the second secondary
inductor of the transformer, and the second set of solid state
light sources electrically coupled across the second second-
ary inductor of the transformer and not across the first sec-
ondary inductor of the transformer; and a resonator drive
circuit which includes a resonator inductor, a resonator
capacitor, a first switch and a second switch, the resonator
inductor and the resonator capacitor electrically coupled in
series with one another and with the primary inductor of the
transformer, the first and the second switch operable to selec-
tively provide a drive signal to the primary inductor of the
transformer.

The first switch and the second switch may be operable to
selectively provide respective first and second current paths
between a DC voltage source and the primary inductor of the
transformer. The drive circuit may further include a first pulse
type voltage source electrically coupled to drive the first
switch and a second pulse type voltage source electrically
coupled to drive the second switch such that both of the first
and the second switches are not ON at a same time. The first
and the second pulse type voltage sources may drive the first
and the second switches, respectively, such that there is a
defined gap between successive turning ON and turning OFF
of'the first and the second switches. The gap may be approxi-
mately 1.6 microseconds in duration, the first pulse type
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voltage source may produce a first square wave output with
pulses at approximately every 0.8 microseconds, and the sec-
ond pulse type voltage source may produce a first square wave
output with pulses at approximately every 11.33 microsec-
onds.

A method of operation in a solid state lighting system
which includes a first plurality of solid state light emitters
electrically coupled in series and a second set of solid state
light emitters electrically coupled in series, and a transformer
that includes a primary side and a secondary side that includes
a first secondary inductor and a second secondary inductor,
the first plurality of solid state light emitters electrically
coupled across only the first secondary inductor and the sec-
ond plurality of solid state light emitters electrically coupled
across only the second secondary inductor, may be summa-
rized as including supplying a number of drive signals to
control operation of a first switch to selectively electrically
couple an LLC resonator to a voltage source via a first elec-
trically conductive path, the LLC resonator including a reso-
nator inductor, a resonator capacitor and a primary inductor of
the transformer, the resonator inductor, the resonator capaci-
tor and the primary inductor electrically coupled in series
with one another; and supplying a number of drive signals to
control operation of'a second switch to selectively electrically
couple the LLC resonator to the voltage source current return
circuit via a second electrically conductive path only when
the LLC resonator is not electrically coupled to the voltage
source via the first electrically conductive path, the second
electrically conductive path different from the first electri-
cally conductive path.

Supplying a number of drive signals to control operation of
a first switch may include supplying the drive signals from a
first pulse type voltage source to a gate of the first switch and
supplying a number of drive signals to control operation of a
second switch includes supplying the drive signals from a
second pulse type voltage source to a gate of the second
switch. Supplying the drive signals from a first pulse type
voltage source to a gate of the first switch may include sup-
plying a first square wave signal having pulses at approxi-
mately every 21 microseconds and supplying the drive signals
from a second pulse type voltage source to a gate of the
second switch may include providing a second square wave
signal having pulses at approximately every 21 microsec-
onds, with a gap of approximately 1.6 microseconds in dura-
tion between a fall in a pulse in one of the square wave signals
and a rise in a subsequent pulse in the other one of the square
wave signals. The pulses may each have a rise time of
approximately 10 nanoseconds and a fall time of approxi-
mately 10 nanoseconds.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

In the drawings, identical reference numbers identify simi-
lar elements or acts. The sizes and relative positions of ele-
ments in the drawings are not necessarily drawn to scale. For
example, the shapes of various elements and angles are not
drawn to scale, and some of these elements are arbitrarily
enlarged and positioned to improve drawing legibility. Fur-
ther, the particular shapes of the elements as drawn, are not
intended to convey any information regarding the actual
shape of the particular elements, and have been solely
selected for ease of recognition in the drawings.

FIG. 1 is a schematic diagram of a solid state lighting
system, according to one illustrated embodiment.
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FIG. 2 is a graph showing drive signals generated by driv-
ers and supplied to control switches of the lighting system of
FIG. 1, according to one illustrated embodiment.

FIG. 3 is a graph of currents for the sets of solid state light
emitters of the solid state lighting system of FIG. 1 as model
with one solid state light emitter faulted to short, illustrating
a smaller mismatch ratio than would otherwise result from a
conventional approach.

DETAILED DESCRIPTION

In the following description, certain specific details are set
forth in order to provide a thorough understanding of various
disclosed embodiments. However, one skilled in the relevant
art will recognize that embodiments may be practiced without
one or more of these specific details, or with other methods,
components, materials, etc. In other instances, well-known
structures associated with lighting systems, for example
power converters, thermal management structures and sub-
systems, and/or solid state lights have not been shown or
described in detail to avoid unnecessarily obscuring descrip-
tions of the embodiments.

Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise”
and variations thereof, such as, “comprises” and “compris-
ing” are to be construed in an open, inclusive sense, that is as
“including, but not limited to.”

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the
appearances of the phrases “in one embodiment” or “in an
embodiment” in various places throughout this specification
are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or character-
istics may be combined in any suitable manner in one or more
embodiments.

As used in this specification and the appended claims, the
singular forms “a,” “an,” and “the” include plural referents
unless the content clearly dictates otherwise. It should also be
noted that the term “or” is generally employed in its sense
including “and/or” unless the content clearly dictates other-
wise.

As used in the specification and the appended claims, ref-
erences are made to a “node” or “nodes.” It is understood that
a node may be a pad, a pin, a junction, a connector, a wire, or
any other point recognizable by one of ordinary skill in the art
as being suitable for making an electrical connection within
an integrated circuit, on a circuit board, in a chassis, or the
like.

The headings and Abstract of the Disclosure provided
herein are for convenience only and do not interpret the scope
or meaning of the embodiments.

FIG. 1 shows a solid state lighting system or luminaire 100,
according to one illustrated embodiment.

The solid state lighting system 100 includes a power supply
102 which supplies current to two or more sets 104, 106 of
solid state light sources 104a, 1045-104# (three illustrated),
106a, 1065-106. (three illustrated). The sets of solid state
light sources 104, 106 may be part of the solid state lighting
system 100, or may optionally be supplied separately there-
from and electrically coupled thereto, for example by an end
user consumer.

The solid state light sources 104a, 1045-1047, 106a, 1065-
106% may take a variety of forms, for example light emitting
diodes (LEDs). Suitable LEDs may for example include those
commercially available from CREE under the trade name
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XP-G™ or from OSRAM Opto Semiconductors Inc. under
Part No. LW W5AP LZMZ 5K8L. As previously noted, such
LEDS have a forward voltage (V) of approximately 3.15V,
but individual ones of these commercially available LEDs
may vary in voltage from approximately 2.9V to approxi-
mately 3.5V. The solid state light sources 104a, 1045-1047,
106a, 1065-106% of each set 104, 106 are electrically coupled
in series with one another in the respective set 104, 106, and
thus commonly referred to as a string or string of solid state
light sources.

The power supply 102 includes a transformer 108 (delin-
eated in FIG. 1 by broken line box), a drive circuit 110, and
other associated circuitry and electronics.

The transformer 108 includes a primary 1084 and a sec-
ondary 1085. The primary 108a includes a primary inductor
L5. The secondary 1085 includes at least a first secondary
inductor [.4 and a second secondary inductor [.2. The sec-
ondary 1085 may be centered tapped 112, which provides a
ground 114 for each of the sets of solid state light sources 104,
106. Each of the sets of solid state light sources 104, 106 is
also electrically coupled to a respective one of the first and
second secondary inductors 1.4, [.2 at respective nodes N4,
N2. Thus, each set of solid state light sources 104, 106 is
electrically coupled across a respective one of the secondary
inductors L4, [.2, and are thus the set of solid state light
sources 104, 106 not electrically in parallel with one another.

Output rectifiers D1, D2 are electrically coupled between
the sets of solid state light sources 104, 106 and the respective
nodes N4, N2. Suitable output rectifiers may include those
commercially available from ON Semiconductor under the
Part Number MURS320. Capacitors C5, C14 coupled to
ground provide for filtering of the current supplied to the sets
of' solid state light sources 104, 106.

The drive circuit 110 includes an LLC resonator 116
formed by a resonator inductor .1, resonator capacitor C3
and the primary inductor L5 of the transformer 108, which are
all electrically coupled in series with one another. The drive
circuit 110 includes a first switch M1 and a second switch M2,
which are operable to selectively couple the LLC resonator
116 to a voltage source V2 and a drive resistor R6 via respec-
tive first and second conductive paths 118a, 118b. The
switches M1, M2 may take a variety of forms suitable for
handling the voltages and currents expected in operation. For
example, the switches M1, M2 may take the form of one or
more metal-oxide semiconductor field-effect transistors
(MOSFETs), insulated-gate bipolar transistors (IGBTs), or
bipolar junction transistors (BJTs). Suitable MOSFETs may,
for instance take the form of those commercially available
from Infineon Technologies under Part No. SPA11N60C3.
Two or more transistors may be electrically coupled in par-
allel to form a switch suitable to handle large loads. The
voltage source V2 may, for instance, take the form of a DC
bus, which may be supplied by a supply or input converter
(not illustrated). The supply converter may, for example, take
the form of a switch mode boost converter which boosts a
voltage from mains (e.g., AC voltage supplied to light fixtures
and receptacles at approximately 170 volts zero-to-peak, or
approximately 110-120 volts root-mean-squared (rms) zero-
to-peak) to a suitably high voltage (e.g., 460 VDC). Such a
high voltage may advantageously be employed to achieve a
power factor close to 1.

The drive circuit 110 includes a pair of drivers 120qa, 1205
electrically coupled to gates of respective ones of the switches
M1, M2 to supply drive signals thereto. Each of the drivers
120a, 1206 may include a respective pulse type voltage
source V3, V1, and gate resistors R1, R15, respectively.
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The drivers 120a, 1205 drive the respective switches M1,
M2 such that both of the first and the second switches are not
ON at a same time. The drivers 120a, 1205 may drive the
switches M1, M2 such that there is a defined gap between
successive turning ON and turning OFF of the first and the
second switches M1, M2. The gap may, for example, be
approximately 0.16 microseconds in duration. The first pulse
type voltage source V3 may produce a first square wave
output with pulses. The pulses may, for example, occur
approximately every 0.8 microseconds. The second pulse
type voltage source V1 produces a second square wave output
with pulses. The pulses may, for example, occur at approxi-
mately every 11.33 microseconds.

As best illustrated in FIG. 2, a first driver 120a may, for
example, produce a square wave pulsed drive signal 200a
which goes from OV to 10V at 0.8 microseconds, with a rise
time of 10 nanoseconds and fall time of 10 nanoseconds, and
is ON for a duration of 8.93 microseconds, with a total 360
duty cycle of 21.01 microseconds. Also as illustrated in FIG.
2, a second driver 1205 may, for example, produce a square
wave pulsed drive signal 20056 which goes from 0V to 10V at
11.33 microseconds, with a rise time of 10 nanoseconds and
fall time of 10 nanoseconds, and is ON for a duration of 8.93
microseconds, with a total 360 duty cycle 0f 21.01 microsec-
onds. As noted, the first and second switches M1, M2 will not
be ON (i.e., closed or conducting) at the same time. Also as
noted, there may be a gap 202 (only one called out) of a
defined duration (e.g., 0.16 microseconds) between turning
OFF one of the switches M1, M2 and subsequently turning
ON the other one of the switches M1, M2.

These parameters were used to model a circuit similar to
that illustrated in FIG. 1, but with 16 LEDs in the first set 104
and only 15 LEDs in the second set 106 to simulate a condi-
tion where one LED in the second set has failed as a short, and
thus has no associated forward voltage Vf. Such may also be
representative of a simple mismatch between the string for-
ward voltage of the two sets of solid state light sources 104,
106. The result of such modeling using the Simulation Pro-
gram with Integrated Circuit Emphasis (i.e., SPICE) program
is illustrated in FIG. 3.

FIG. 3 illustrates the currents 300a, 3005 between the two
sets of solid state light sources or strings 104, 106 (respec-
tively) where the strings 104, 106 have different forward
voltages. As noted above, the difference in string forward
voltage may be the result of a fault or failure of one or more of
the LEDs, and/or may result from mismatch due to the dif-
ferences between nominal forward voltage and actual for-
ward voltage of the individual LEDs making up the sets of
solid state light sources 104,106. The RMS values for the first
and second sets of solid state light sources 104, 106 are found
to be 0.849 amps and 0.987 amps respectively. This corre-
sponds to a relatively small miss-match ratio of approxi-
mately 1.16 to 1.

Modeling of a more conventional approach in which the
sets of solid state light sources were electrically coupled in
parallel with one another was performed for the same param-
eters using SPICE. Such resulted in RMS values for the first
and the second sets of solid state light sources 104, 106 are of
approximately 0.613 amps and 1.23 amps respectively. This
corresponds to a relatively high miss-match ratio of 2.01 to 1.

Thus, the approach illustrated and described herein
achieves a much closer balance between currents of sets or
strings of LEDs which have different forward voltages. Such
advantageously protects the set or string having the lower
string forward voltage VI from damage due to excessive
current flowing therethrough. Notably, ripple current is at %5
the frequency of the fundamental frequency of the switch
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mode converter, which may provide further benefits, for
instance reducing radiated electro-magnetic interference
(EMI). Additionally, this approach achieves better matched
luminous output between the sets or strings of solid state light
sources than would otherwise be possible, resulting in a much
more aesthetically pleasing light output.

The specific values, such as voltages, used herein are
purely illustrative, and are not meant to be in anyway limiting
on the scope unless expressly recited in the claim(s). Like-
wise, the arrangements and topologies are merely illustrative
and other arrangements and topologies may be employed
where consistent with the teachings herein. While specific
circuit structures are disclosed, other arrangements that
achieve similar functionality may be employed.

The methods illustrated and described herein may include
additional acts and/or may omit some acts. The methods
illustrated and described herein may perform the acts in a
different order. Some of the acts may be performed sequen-
tially, while some acts may be performed concurrently with
other acts. Some acts may be merged into a single act through
the use of appropriate circuitry.

The various embodiments described above can be com-
bined to provide further embodiments.

To the extent that they are not inconsistent with the teach-
ings herein, the teachings of: U.S. provisional patent appli-
cation Ser. No. 61/640,963 filed May 1, 2012; Ser. No.
61/052,924 filed May 13, 2008; U.S. patent application Ser.
No. 12/437,467 filed May 7, 2009 and published as U.S.
patent application Publication No. 2009-0284155; U.S. pro-
visional patent application Ser. No. 61/051,619 filed May 8,
2008; U.S. patent application Ser. No. 12/437,472 filed May
7, 2009 and published as U.S. patent application Publication
No. 2009-0278474; U.S. provisional patent application Ser.
No. 61/088,651 filed Aug. 13, 2008; U.S. patent application
Ser. No. 12/540,250 filed Aug. 12,2009 and published as U.S.
patent application Publication No. 2010-0090577; U.S. pro-
visional patent application Ser. No. 61/115,438 filed Nov. 17,
2008; U.S. provisional patent application Ser. No. 61/154,
619 filed Feb. 23, 2009; U.S. patent application Ser. No.
12/619,535 filed Nov. 16, 2008 and published as U.S. patent
application Publication No. 2010-0123403; U.S. provisional
patent application Ser. No. 61/174,913 filed May 1, 2009;
U.S. patent application Ser. No. 12/769,956 filed Apr. 29,
2010 and published as U.S. patent application Publication
No. 2010-0277082; U.S. provisional patent application Ser.
No. 61/180,017 filed May 20, 2009, U.S. patent application
Ser. No. 12/784,080 filed May 2010 and published as U.S.
patent application Publication No. 2010-0295946; U.S. pro-
visional patent application Ser. No. 61/229,435 filed Jul. 29,
2009; U.S. patent application Ser. No. 12/846,516 filed Jul.
29,2010 and published as U.S. patent application Publication
No. 2011-0026264; U.S. provisional patent application Ser.
No. 61/295,519 filed Jan. 15, 2010; U.S. provisional patent
application Ser. No. 61/406,490 filed Oct. 25, 2010; U.S.
patent application Ser. No. 13/007,080 filed Jan. 14, 2011;
U.S. provisional patent application Ser. No. 61/333,983 filed
May 12, 2010; U.S. patent application Ser. No. 12/784,091
filed May 20, 2010 and published as U.S. patent application
Publication No. 2011-0295454; U.S. provisional patent
application Ser. No. 61/346,263 filed May 19, 2010; U.S.
patent application Ser. No. 12/784,093 filed May 20, 2010;
U.S. patent application Ser. No. 13/166,626 filed Jun. 22,
2011; U.S. patent application Ser. No. 13/085,301 filed Apr.
12, 2011; U.S. patent application Ser. No. 13/212,074 filed
Aug. 17, 2011; and U.S. provisional patent application Ser.
No. 61/527,029 filed Aug. 24, 2011 are each incorporated
herein by reference in their entirety.
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Aspects of the embodiments can be modified, if necessary
to employ concepts of the various patents, applications and
publications to provide yet further embodiments. For
example, the structures and/or methods taught herein may be
advantageously employed as an input to the structures taught
in the U.S. patent application Publication No. 2010-0123403.

These and other changes can be made to the embodiments
in light of the above-detailed description. In general, in the
following claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

The invention claimed is:

1. A system for solid state lighting, comprising:

a transformer having a primary side and a secondary side,
the primary side including at least a first primary induc-
tor, the secondary side including at least a pair of sec-
ondary inductors, each of the secondary inductors hav-
ing a respective node that provides current to a
respective one of a pair of strings of solid state light
sources and not the other one of the pair of strings of
solid state light sources, and the secondary side having a
center tap between the pair of secondary inductors that
provides a common ground to each of the pair of strings
of' solid state light sources; and

adrive circuit electrically coupled to drive the primary side
of the transformer.

2. The circuit of claim 1 wherein the drive circuit is a
resonator drive circuit that includes a resonator inductor and
aresonator capacitor, the resonator inductor and the resonator
capacitor electrically coupled in series with one another and
with the first primary inductor of the transformer to form an
LLC resonator.

3. The circuit of claim 2 wherein the drive circuit further
includes a first switch and a second switch, the first switch and
the second switch operable to selectively provide respective
first and second current paths between a DC voltage source
and the LLC resonator.

4. The circuit of claim 3 wherein the first switch and the
second switch are each respective ones of at least two metal
oxide semiconductor field effect transistors.

5. The circuit of claim 3 wherein the drive circuit further
includes a first pulse type voltage source electrically coupled
to drive the first switch and a second pulse type voltage source
electrically coupled to drive the second switch.

6. The circuit of claim 5 wherein the first and the second
pulse type voltage sources drive the first and the second
switches, respectively, such that both of the first and the
second switches are not ON at a same time.

7. The circuit of claim 6 wherein the first and the second
pulse type voltage sources drive the first and the second
switches, respectively, such that there is a defined gap
between successive turning ON and turning OFF of the first
and the second switches.

8. The circuit of claim 7 wherein the gap is approximately
0.16 microseconds in duration.

9. The circuit of claim 8 wherein the first pulse type voltage
source produces a first square wave output with pulses at
approximately every 0.8 microseconds and the second pulse
type voltage source produces a first square wave output with
pulses at approximately every 11.33 microseconds.

10. The circuit of claim 1 further comprising:

a first rectifier diode electrically coupled between a first

one ofthe nodes and a first one of the strings of solid state
light sources; and
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a second rectifier diode electrically coupled between a
second one of the nodes and a second one of the strings
of solid state light sources.

11. The circuit of claim 1, further comprising:

the first string solid state light sources, the first string of
solid state light sources consisting of a first plurality
light emitting diodes electrically coupled in series; and

the second string of solid state light sources, the second
string of solid state light sources consisting of a second
plurality light emitting diodes electrically coupled in
series.

12. A solid state lighting luminaire, comprising:

a first set of solid state light sources electrically coupled in
series with one another;

a second set of solid state light sources electrically coupled
in series with one another;

a transformer having a primary side and a secondary side,
the primary side including at least a primary inductor,
the secondary side including at least a first secondary
inductor and a second secondary inductor, the first set of
solid state light sources electrically coupled across the
first secondary inductor of the transformer and not
across the second secondary inductor of the transformer,
and the second set of solid state light sources electrically
coupled across the second secondary inductor of the
transformer and not across the first secondary inductor
of the transformer; and

a resonator drive circuit which includes a resonator induc-
tor, a resonator capacitor, a first switch and a second
switch, the resonator inductor and the resonator capaci-
tor electrically coupled in series with one another and
with the primary inductor of the transformer, the first and
the second switch operable to selectively provide a drive
signal to the primary inductor of the transformer.

13. The solid state lighting luminaire of claim 12 wherein
the first switch and the second switch are operable to selec-
tively provide respective first and second current paths
between a DC voltage source and the primary inductor of the
transformer.

14. The solid state lighting luminaire of claim 13 wherein
the drive circuit further includes a first pulse type voltage
source electrically coupled to drive the first switch and a
second pulse type voltage source electrically coupled to drive
the second switch such that both of the first and the second
switches are not ON at a same time.

15. The solid state lighting luminaire of claim 14 wherein
the first and the second pulse type voltage sources drive the
first and the second switches, respectively, such that thereis a
defined gap between successive turning ON and turning OFF
of the first and the second switches.

16. The solid state lighting luminaire of claim 15 wherein
the gap is approximately 1.6 microseconds in duration, the
first pulse type voltage source produces a first square wave
output with pulses at approximately every 21 microseconds,
and the second pulse type voltage source produces a first
square wave output with pulses at approximately every 21
microseconds where the first square wave and the second
square wave are 180 degrees out of phase.

17. A method of operation in a solid state lighting system
which includes a first plurality of solid state light emitters
electrically coupled in series and a second set of solid state
light emitters electrically coupled in series, and a transformer
that includes a primary side and a secondary side that includes
a first secondary inductor and a second secondary inductor,
the first plurality of solid state light emitters electrically
coupled across only the first secondary inductor and the sec-
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ond plurality of solid state light emitters electrically coupled
across only the second secondary inductor, the method com-
prising:
supplying a number of drive signals to control operation of
a first switch to selectively electrically couple an LLC
resonator to a voltage source via a first electrically con-
ductive path, the LLC resonator including a resonator
inductor, a resonator capacitor and a primary inductor of
the transformer, the resonator inductor, the resonator
capacitor and the primary inductor electrically coupled
in series with one another; and
supplying a number of drive signals to control operation of
a second switch to selectively electrically couple the
LLC resonator to the voltage source via a second elec-
trically conductive path only when the LLC resonator is
not electrically coupled to the voltage source via the first
electrically conductive path, the second electrically con-
ductive path different from the first electrically conduc-
tive path.
18. The method of claim 17 wherein supplying a number of
drive signals to control operation of a first switch includes
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supplying the drive signals from a first pulse type voltage
source to a gate of the first switch and supplying a number of
drive signals to control operation of a second switch includes
supplying the drive signals from a second pulse type voltage
source to a gate of the second switch.

19. The method of claim 18 wherein supplying the drive
signals from a first pulse type voltage source to a gate of the
first switch includes supplying a first square wave signal
having pulses at approximately every 21 microseconds and
supplying the drive signals from a second pulse type voltage
source to a gate of the second switch includes providing a
second square wave signal having pulses at approximately
every 21 microseconds, with a gap of approximately 1.6
microseconds in duration between a fall in a pulse in one of
the square wave signals and a rise in a subsequent pulse in the
other one of the square wave signals.

20. The method of claim 19 wherein the pulses each have a
rise time of approximately 10 nanoseconds or less and a fall
time of approximately 10 nanoseconds.
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